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Defining Games - Key Ingredients

• Players: who are the decision makers?
• People? Governments? Companies? Somebody employed by a

Company?...

• Actions: what can the players do?
• Enter a bid in an auction? Decide whether to end a strike? Decide

when to sell a stock? Decide how to vote?

• Payoffs: what motivates players?
• Do they care about some profit? Do they care about other

players?...
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Defining Games - Two Standard Representations

• Normal Form (a.k.a. Matrix Form, Strategic Form) List what
payoffs get as a function of their actions
• It is as if players moved simultaneously
• But strategies encode many things...

• Extensive Form Includes timing of moves (later in course)
• Players move sequentially, represented as a tree

• Chess: white player moves, then black player can see white’s move
and react...

• Keeps track of what each player knows when he or she makes
each decision
• Poker: bet sequentially – what can a given player see when they bet?
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Defining Games - The Normal Form

• Finite, n-person normal form game: ⟨N,A, u⟩:

• Players: N = {1, . . . , n} is a finite set of n , indexed by i

• Action set for player i Ai

• a = (a1, . . . , an) ∈ A = A1 × . . .×An is an action profile

• Utility function or Payoff function for player i: ui : A 7→ R
• u = (u1, . . . , un), is a profile of utility functions
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Normal Form Games - The Standard Matrix
Representation

• Writing a 2-player game as a matrix:

• “row” player is player 1, “column” player is player 2

• rows correspond to actions a1 ∈ A1, columns correspond to
actions a2 ∈ A2

• cells listing utility or payoff values for each player: the row player
first, then the column

Game Theory Course: Jackson, Leyton-Brown & Shoham Game Theory Intro.
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Games in Matrix Form

Here’s the TCP Backoff Game written as a matrix

56 3 Competition and Coordination: Normal form games

when congestion occurs. You have two possible strategies: C (for using a Correct
implementation) and D (for using a Defective one). If both you and your colleague
adopt C then your average packet delay is 1ms (millisecond). If you both adopt D the
delay is 3ms, because of additional overhead at the network router. Finally, if one of
you adopts D and the other adopts C then the D adopter will experience no delay at all,
but the C adopter will experience a delay of 4ms.

These consequences are shown in Figure 3.1. Your options are the two rows, and
your colleague’s options are the columns. In each cell, the first number represents
your payoff (or, minus your delay), and the second number represents your colleague’s
payoff.1TCP user’s

game

Prisoner’s
dilemma game

C D

C −1,−1 −4, 0

D 0,−4 −3,−3

Figure 3.1 The TCP user’s (aka the Prisoner’s) Dilemma.

Given these options what should you adopt, C or D? Does it depend on what you
think your colleague will do? Furthermore, from the perspective of the network opera-
tor, what kind of behavior can he expect from the two users? Will any two users behave
the same when presented with this scenario? Will the behavior change if the network
operator allows the users to communicate with each other before making a decision?
Under what changes to the delays would the users’ decisions still be the same? How
would the users behave if they have the opportunity to face this same decision with the
same counterpart multiple times? Do answers to the above questions depend on how
rational the agents are and how they view each other’s rationality?

Game theory gives answers to many of these questions. It tells us that any rational
user, when presented with this scenario once, will adopt D—regardless of what the
other user does. It tells us that allowing the users to communicate beforehand will
not change the outcome. It tells us that for perfectly rational agents, the decision will
remain the same even if they play multiple times; however, if the number of times that
the agents will play this is infinite, or even uncertain, we may see them adopt C.

3.2 Games in normal form

The normal form, also known as thestrategicor matrix form, is the most familiargame in
strategic form

game in matrix
form

representation of strategic interactions in game theory.

1. The term ‘Prisoners’ Dilemma’ for this famous game theoretic situation derives from the original story
accompanying the numbers. Imagine the players of the game are two prisoners suspected of a crime rather
than network users, that you each can either Confess to the crime or Deny it, and that the absolute values of
the numbers represent the length of jail term each of you will get in each scenario.

c©Shoham and Leyton-Brown, 2006
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A Large Collective Action Game

• Players: N = {1, . . . , 10, 000, 000}

• Action set for player i Ai = {Revolt, Not}

• Utility function for player i:
• ui(a) = 1 if #{j : aj = Revolt} ≥ 2, 000, 000
• ui(a) = −1 if #{j : aj = Revolt} < 2, 000, 000 and
ai = Revolt

• ui(a) = 0 if #{j : aj = Revolt} < 2, 000, 000 and ai = Not
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Summary: Defining Games

• For Now: Normal Form (Strategic Form, Matrix
Representation...)

• Players: N

• Actions: Ai

• Payoffs: ui
• Later: Extensive Form

• Timing: in what order do things happen?

• Information: what do players know when they act

Game Theory Course: Jackson, Leyton-Brown & Shoham Game Theory Intro.


